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When MgADP without phosphate is bound at a catalytic site of
H+-FoF1 ATP synthase, there is a probability that the enzyme gets
blocked in an inactive conformation. This phenomenon is known as
MgADP inhibition. Earlier experiments indicate that the enzyme
adopts a special inactive conformation with MgADP trapped in a
catalytic site. This is a core feature of ATP synthase observed even in
the minimal catalytic alpha3beta3gamma-complex. MgADP inhibi-
tion is found in all ATP synthases studied so far. However, the
degree of inhibition varies considerably, being strong in mitochon-
dria and especially chloroplast enzyme, as well as in some bacteria,
e.g. Bacillus PS3, but rather weak in FoF1 from Escherichia coli. We
have demonstrated previously that in Bacillus PS3 ATP synthase
mutation betaGln259Leu can dramatically decrease MgADP inhibi-
tion. In E. coli wild type enzyme the residue in the corresponding
position (beta249) is Leu, i.e. it is similar to the mutant Bacillus PS3
enzyme. In this work we made an E. coli mutant betaLeu249Gln. The
mutation signiﬁcantly enhanced MgADP inhibition. Moreover, it
completely changed the effect of phosphate on MgADP inhibition,
while in the wild-type enzyme phosphate increased the inhibitory
effect of MgADP, and in the betaLeu249Gln it relieved the inhibition.
We conclude that MgADP inhibition is a relatively easily modulated
regulatory feature of ATP synthase rather than an inevitable “side
effect” of the rotary catalytic mechanism.
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Powered by the proton-motive force (pmf) of the cell, F-type ATP
synthases are the major producers of adenosine triphosphate (ATP)
in cells. The ATP synthase in plant chloroplasts consists of two
domains, the soluble F1 and the membrane-embedded Fo sub-
complex. In Fo the pmf across the thylakoid membrane is converted
into torque and induces rotation of a rotor element, the c-ring. The
unique construction of the Fo complex allows ions (H+ or Na+) to
pass a distinct pathway through the rotor–stator elements and
surmount the membrane from one side to another. The rotation is
tightly coupled with F1 and elicits conformational changes in the
catalytic beta-subunits, ﬁnally leading to ATP synthesis. While the
function of the F1 complex and the Fo rotor element has unveiled by
many high-resolution structures in the last 20 years, structural informa-
tion about the complete Fo complex or its neighboring stator subunits a
and b is still scarce. To understand the molecular mechanism of this
nanomotor, high resolution structural information is indispensable. We
set out to investigate the chloroplast Fo-ATP synthase complex by
structural methods. By combining classical biochemical puriﬁcation
strategies such as sucrose density centrifugation and ion-exchange
chromatography we were able to establish a protocol for a large scale
puriﬁcation of the ac14 sub-complex of the Spinacia oleracea ATP-
synthase. The isolation of abundant and stable ac14 allows subsequent
experiments such as 2D and 3D crystallization and their structural
characterization by electron microscopy and X-ray crystallography.
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In a cell, specialised proteins act as molecular-scale motors to
convert energy from one form to another. For example, ATP synthase
converts chemical energy into mechanical work and back again, ion
pumps convert chemical energy into transport against an electrochem-
ical gradient, and cytoskeletal motors use chemical energy to transport
loads along linear molecular chains. Despite functional differences
between different types of molecular motors, there are fundamental
similarities in their behaviour and properties: i) they transfer energy
between different degrees of freedom (i.e., chemical and mechanical),
ii) they are subject to large thermal ﬂuctuations, and iii) they operate far
from equilibrium.We present a general theoretical treatment of energy
transfer in a molecular motor based on Brownian motion on a
multidimensional free-energy landscape. This treatment enables ener-
gy transfer between degrees of freedom to be described explicitly and
captures key fundamental elements of molecular motor operation.
Unfortunately, the multidimensional diffusion equation arising in this
treatment is not solvable in general. We transform the continuous
diffusion equation to a simpler discrete master equation that is
analytically tractable [1]. This provides an opportunity to connect the
general continuous multidimensional Brownian-motion based theory
with experiments, phenomenological models, and established results
from non-equilibrium thermodynamics. In the Kramers regime of deep
potential wells, we derive a range of formal expressions for molecular
motors. We determine physical properties including the drift and
diffusion, the rate and efﬁciency of energy transfer, and the entropy
generated [2]. We also consider thermal ﬂuctuations for the motor and
show that energy transfer between degrees of freedom creates
statistically correlated ﬂuctuations in those degrees of freedom [3].
The ﬂuctuation statistics provide an opportunity to distinguish different
operating regimes of the motor.
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